The family Ericaceae is comprised of about 70 genera of which about 20 are found throughout China. Of these Ledum, Rhododendron, Enkianthus, Pieris, Craibiodendron, Gaultheria, Vaccinium, and Leucothoe are regarded as poisonous. Many species of these poisonous genera are used as Chinese herbal medicines for the treatment of, for example, inflammation, asthma, and coughs. Modern research has demonstrated that the toxic ingredients of these poisonous genera are chiefly tetracyclic diterpenes, which have adverse effects on the digestive, cardiovascular and nervous systems. Because various species of these poisonous genera also have medicinal functions, extensive studies of these plants have led to the identification of many kinds of compound. This paper compiles 306 compounds from the eight poisonous genera, reported in 141 references.
Ericaceae is an economically and medicinally important family, which is comprised of about 70 genera, distributed in temperate and sub-polar zones. About 20 of these genera are found throughout China, of which eight are regarded as poisonous [1] . Species of Ledum, Rhododendron, Enkianthus, Pieris, Craibiodendron, Gaultheria, Vaccinium and Leucothoe are recognized as poisonous; these are widely distributed in mountainous areas of southwestern China. It is of interest that many of these poisonous species are also used as Chinese herbal medicine for the treatment of problems such as inflammation, asthma, and coughs [1] [2] [3] [4] [5] . Modern research has demonstrated that the toxic ingredients in the poisonous genera are mainly tetracyclic diterpenes, which exhibit toxic effects on the digestive, cardiovascular and nervous systems [1] . Because plants of these poisonous genera also display notable medicinal functions, such as anti-microbial, anti-oxidant, anti-tumor, analgesic and antiinflammatory activities, many researchers have paid attention to the chemical compounds of these genera. Extensive studies have led to the identification of a variety compounds, such as diterpenes, triterpenes, monoterpenoids, flavonoids, chromane derivatives, coumarins, and lignans. This review summarizes the chemical constituents and biological activities of the eight poisonous genera. It is hoped that the information displayed will be useful for exploring more bioactive diterpene toxins from Ericaceae species and lead to the development of new bio-inspired small molecules for drug discovery.
Chemical constituents
A considerable amount of work has been carried out on the poisonous genera of Ericaceae in China, mainly on chemical investigations and pharmacological evaluations. The majority of the characterized compounds are diterpenes , along with monoterpenoids [16, 21, 41, 42] , triterpenes [7, 18, 24, , flavonoids [6, 7, 18, 24, 44, 45, 47, 49, 50, 52, 54, [57] [58] [59] [60] [61] [62] , chromane derivatives [108] [109] [110] , coumarins [9, 34, 43, 54, 57, 75, 76, 79, 83, 85, 97, [111] [112] [113] [114] , lignans [7, 24, 81, 82, 94, 113, [115] [116] [117] [118] , other phenols [34, 42, 67, 82, 83, 94, 114, 117, 119] and alkaloids [58, 69, 73] , adding up to 306 compounds. Their structures are shown in Figures 1-25 , and their names and corresponding plant sources are compiled in Table 1 .
Terpenoids
A variety of terpenoids (1-151) have been isolated from the poisonous genera of Ericaceae, including diterpenoids, monoterpenoids (iridoid glycosides), and triterpenoids. Grayanotoxin I (1) is a highly toxic substance from R. simsii, which can cause dyspnea, muscle weakness and complete anorexia in mice [10] . The leaves of P. formosa afforded, as its major toxic component, asebotoxin I (9) [14] . Significant cytotoxicity of 14,18-dihydroxyabieta-8,11,13-trien-7-one (81) and 13-acetyl-14,18-dihydroxy-podocarpa-8,11,13-triene (82) has also been recorded [32] .
Monoterpenoids: Eleven monoterpenes (85-95) have been isolated from the poisonous genera of Ericaceae. Iridoid glycosides with a glucose moiety attached to C(1) in the pyran ring are the main monoterpenoid components. 10-p-Trans-coumaroyl-1S-dihydromonotropein (93) and cis-coumaroyl-1S-dihydromonotropein (94) from Vaccinium macrocarpon are two coumaroyl-iridoid glucosides, with the coumaroyl group connected to the C(10) hydroxyl functional group of the iridoid skeleton, an isomer of acylated dihydromonotropein iridoids. (136) from P. formosa [64] . [103] . The few chalcones, phloretin (243) and asebotin (244), were isolated from Pieris species. Some flavones from C. yunnanense showed central nervous system inhibition [59] .
Compounds 245-251 are all oligomers. Most of them are dimers of flavanoids connected through either C(4)-C(8) or C(4)-C(6). Proanthocyanidin A-1 (245) and epicatechin-(2β→O→7,4β→8)-ent-epicatechin (248) from R. spiciferum were found to be effective in increasing immunomodulatory activities [92] . [122] . Epicatechin-(4β→8)-epicatechin-(4β→8, 2β→O→7)-catechin (233) isolated from V. vitis-idaea also exhibited antimicrobial activity [107] .
Biological activities

Analgesic and anti-inflammatory effects:
The ethyl acetate extract of the root of R. molle showed a definite analgesic effect, but only weak anti-inflammatory activity. The LD 50 administered by gastrogavage was 1258.5 mg/kg [123] . The total flavone fraction from R. micranthum could reduce the times of the body-twisting reaction by acetic acid and alleviate the ear edema induced by dimethyl benzene in mice [124] . The methanol and aqueous extracts of L. palustre also displayed significant analgesic and antiinflammatory effects. Further experiments suggested that the flavonoid components of the methanol extract might contribute to these analgesic and anti-inflammatory effects [125] . It was also found that the 30% ethanol soluble fraction of the n-butanol extract had stronger activity against rheumatoid arthritis in mice than other fractions [126] . The ethyl acetate and n-butanol extracts of G. yunnanensis also showed significant analgesic and antiinflammatory effects [127] . The crude methanol extracts of leaves and twigs of L. groenlandicum also exhibited strong antiinflammatory activity [128] . As a highly acylated diterpenoid with a 3,4-secograyanane skeleton, secorhodomollolide D (60) exhibited significant analgesic and sedative effects at a dose of 5 mg/kg [29] . Gaultherin (273) (200 mg/kg) produced an anti-inflammatory effect in the acetic acid-induced writhing test and croton oil-induced ear edema model in mice comparable with that of an equimolar dose of aspirin [129] . Compounds 48/80-induced histamine release from rat peritoneal mast cells can be inhibited by compounds 240-243 [111] .
Antioxidant effects: Extracts of V. myrtillus and V. uliginosum can protect PC12 cells from the damage induced by oxidative stress; V. uliginosum displayed a better protective effect than that of V. myrtillus [130] . V. uliginosum showed stronger activities in scavenging (O 2-˙) , DPPH, and lipid inhibition tests than V. myrtillus [131] . An anthocyanoside complex extract from V. myrtillus inhibited lipid peroxidation (IC 50 = 50.3 μg/mL) and scavenged superoxide (IC 50 < 25 μg/mL) and hydroxyl radicals [132] . Its free radical scavenging activity and inhibitory effect on lipid peroxidation may contribute to its protective effect on mice with acute normobaric hypoxia [133] . The flavonoid-rich fraction from the fruit residues of V. vitis-idaea reduced the MDA level in the liver, brain and kidney of mice, and improved the activity of SOD and CAT in the liver and serum [134] . The procyanidin-rich fraction from V. vitis-idaea had antioxidant acitvity, which could inhibit the proliferation of cardiac fibroblasts, the synthesis of collagen, and inhibit myocardial fibrosis to produce a protective effect on rat myocardium [135] . Methyl 2-hydroxy-6-methyl benzoate 4-O-β-D-glucopyranoside (275) and methyl orsellinate (276) also showed high activity in antioxidant assay systems, such as anti-lipid peroxidation activity (ALPO), free radical scavenging activity of DPPH and superoxidation anion scavenging activity (O 2-˙) [67] . Quercetin (131), quercitrin (139) , and myricitrin-5-methyl ether (180) also displayed antioxidant activities [86] . Quercetin (131) and an extract of V. bracteatum have the function of scavenging O 2-˙ and OH with an IC 50 value of 5.9 μg/mL [136] .
Cytotoxic effects:
The ursolic acid extract from the genus Ledum showed obvious proliferation inhibitory effects on K562, Bcap37
Phytochemicals and biological activities of poisonous genera Ericaceae Antidiabetic effects: V. angustifolium was shown to contain active principles with insulin-like and glitazone-like properties, which were related with its protection activity against glucose toxicity [138] . An anthocyanin extract from V. angustifolium strongly alleviated the symptoms of hyperglycemia in diabetic C57b1/6J mice [139] .
Other effects: The total flavanoid fraction of R. simsii had obvious antitussive and antiasthmatic effects on mice and Guinea pigs previously treated with ammonia and histamine, at concentrations of 64 and 38 mg/kg, respectively [140] . Rhododaurichromanic acid A (233) and daurichromenic acid (239) demonstrated potent anti-HIV activities with EC 50 value of 5.67 and 370 μg/mL, respectively, with therapeutic indexes (TI) of 3710 and 91.9, respectively [110] . Arjunilic acid (99) inhibited the tyrosinase enzyme effectively, which could be used for the treatment of hyper-pigmentation [63] . Rhodojaponin III (49) had a positive inotropic action on the myocardium of Guinea pigs mainly due to its stimulatory effect on INa-Ca [141] . Quercetin (131) Conclusions: In this review, the chemistry, along with the bioactive consideration of eight poisonous genera of Ericaceae found in China are discussed. Tetracyclic diterpene toxins are the main toxic ingredients in the family Ericaceae. They are extremely toxic, and are usually concentrated in certain genera, which also display noticeable bioactivities.
In addition to the diterpene toxins, other compounds, such as triterpenes, flavonoids, and tannins demonstrate prominent bioactivities as well. The extracts derived from these poisonous genera also exhibit remarkable bioactivities. It is necessary to fully exploit the therapeutic value and utilize the resources of these poisonous Ericaceae genera. Preskimmianine G. nummularioides [58] 
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